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PROBLEM TO BE SOLVED: To provide a steering device for a 
vehicle such that by performing steering suppression in 
accordance with a hazardous degree, a driver is made to 
recognize a condition in a periphery of the vehicle, thus to be 
assisted in safety driving operation. 

SOLUTION: In the periphery of a vehicle, a plurality of obstacle 
detection means 17A to 17F formed by a radar or the like are 
arranged, an obstacle in the periphery of a self vehicle is 
detected. In an obstacle recognition means 23, relating to one 
or a plurality of the obstacles, relative motion condition 
information comprising respectively an azimuth angle a(i), 
relative speed Vrel(i), distance d(i) is output. Based on the 
relative motion condition information, a potential hazardous 
degree (risk potential) R in this point of time is obtained. Based 
on the risk potential R, a target correction value IRL is 
generated, through a subtracter 29, a target value IT is 
corrected. Based on a corrected target value ITH, an electric 
motor is driven, by adjusting supply of auxiliary torque, steering 
is suppressed. 
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* NOTICES * 

iTPO and NCI PI are not: responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The power steering system of the car characterized by to have an obstruction detection means 
detect the obstruction which exists in the perimeter of a self- vehicle, an obstruction recognition means detect 
the location, the distance, and the relative velocity of the obstruction to a self- vehicle based on the signal 
from said obstruction detection means, a danger judging means determine a risk degree based on the signal 
from said obstruction recognition means, and a steering control means control steering actuation based on 
the signal from said danger judging means. 

[Claim 2] It is the power steering system of the car according to claim 1 which has a steering condition 
detection means to detect a steering condition, and is characterized by said steering control means 
controlling steering actuation based on the signal from said danger judging means and said steering 
condition detection means. 

[Claim 3] It is the power steering system of the car according to claim 1 which has a movement state- 
estimation means presume the movement condition of a car based on the signal from said steering condition 
detection means, and carries out [ that said steering control means controls steering actuation based on the 
signal from said danger judging means, said steering condition detection means, and said movement state- 
estimation means, and ] as the description while having a steering condition detection means detect a 
steering condition. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the power steering system of a car, and relates to the power 
steering system of the car which controlled steering actuation according to a risk degree of detecting the 
obstruction around a car and receiving an obstruction in detail. 
[0002] 

[Description of the Prior Art] The electric type and the hydraulic power-steering equipment which enabled it 
to circle in a car by the light handle operating physical force (manual control force) are known. Drawing 1 is 
** type structural drawing of electric power-steering equipment. Electric power-steering equipment 1 has 
mitigated an operator's control force by equipping a steering system with a motor 10 and controlling the 
power supplied from a motor 10 using a control unit 20. 

[0003] The steering shaft 3 established in one is connected with a steering wheel (handle) 2 to the pinion 6 
of the rack & pinion device 5 through the connecting shaft 4 which has universal joints 4a and 4b. The rack 
shaft 7 is equipped with rack gear-tooth 7a which gears with a pinion 6. The rack & pinion device 5 changes 
rotation of a pinion 6 into the reciprocating motion to the shaft orientations of a rack 7. The front wheel 9 on 
either side as a rolling ring is connected with the both ends of the rack shaft 7 through a tie rod 8. Steering of 
a handle 2 rocks a front wheel 9 through the rack & pinion device 5 and a tie rod 8. Thereby, the sense of a 
car is changeable. 

[0004] In order to mitigate a control force, the motor 10 which supplies assistant torque (steering auxiliary 
torque) is arranged in same axle with the rack shaft 7, the rotation output of a motor 10 is changed into a 
thrust through the ball-thread device 1 1 , and it is made to act on the rack shaft 7. The ball-thread device 1 1 
consists of a nut 12 connected with Rota of a motor 10, and **** shaft 7b formed in the rack shaft 7. The 
rotation force of a nut 12 is changed into the thrust to the shaft orientations of the rack shaft 7 by **** shaft 
7b. The manual control force is made to mitigate by changed and transmitting the assistant torque generated 
with the motor 1 0 to the thrust to the rack shaft 7. 

[0005] The manual steering torque TP which acts on a pinion 6 with the steering torque detection means 
(steering torque sensor) 18 is detected, and the steering torque signal Tp concerning the detected steering 
torque TP is supplied to the control unit 20. A control unit 20 outputs the motor driving signal VM based on 
the steering torque signal Tp, and controls the output power (steering auxiliary torque) of a motor 10. 
[0006] Drawing 2 is the block block diagram showing one example of the conventional control device. The 
conventional control unit 20 is equipped with the target auxiliary torque decision section 21 and the motor 
mechanical component 22. The target auxiliary torque decision section 21 determines target auxiliary torque 
based on the steering torque signal Tp, and outputs the target auxiliary torque signal IT. If the target 
auxiliary torque decision section 21 has the absolute value of steering torque smaller than the insensible 
threshold set up beforehand, it will make target auxiliary torque zero. Moreover, the target auxiliary torque 
decision section 21 will output the target auxiliary torque proportional to steering torque, if steering torque 
is over the insensible threshold. The target auxiliary torque decision section 21 is restricted so that the target 
auxiliary torque to output may not exceed the upper limit set up beforehand, even if steering torque becomes 
large. 

[0007] A motor mechanical component 22 asks for the deflection of the target auxiliary torque signal IT 
supplied from the target auxiliary torque decision section 21, and the motor current signal IM supplied from 
the current detecting element (not shown) which detects the current which actually flows to a motor 10 and 
it generates and outputs a motor driving signal VM so that the deflection for which it asked may become 
zero, and it drives a motor 10 so that the auxiliary torque made into a target from a motor 10 may be 
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supplied. 

[0008] In addition, a steering angle detection means 19 detect steering angle thetaS is established, steering 
rotational speed is calculated based on steering angle signal thetas according to steering angle thetaS 
outputted from this steering angle detection means 19, and the control unit [ made / auxiliary torque / control 
not only including a control force but including a steering rate ] is also proposed by amending the target 
auxiliary torque IT according to steering rotational speed. Thereby, the responsibility of steering auxiliary 
torque generating over manual steering is improvable. Moreover, the control unit which amended the 
magnitude of auxiliary torque according to the vehicle speed is also proposed. Thereby, a control force 
cannot become light too much at the time of high-speed transit. 

[0009] When obstructions, such as other cars which run the side back of a car, tend to be detected and an 
operator tries to **** in the direction of an obstruction, in JP,4-19274,A, the steering auxiliary force of 
power assistant (power steering) equipment is decreased, and the power steering system for cars which 
makes a **** control force heavy and controlled **** actuation is indicated. 

[0010] When **** actuation of an operator is performed, the power steering system for cars with which it 
was made for the front of a car not to give the steering auxiliary force when not a risk condition but the side 
back of a car was in a risk condition is indicated by JP,8-2434,A. 

[001 1 ] When it is detected as an obstruction existing in the perimeter of a car by the obstruction sensor by 
JP,8-2078 1 1 , A and steering actuation is made in the detection direction, the electric power-steering 
equipment which changed the assistant current value supplied to a motor so that a car may not be ****(ed) 
in the direction of an obstruction is indicated by it. 

[0012] When risk is predicted by JP,8-175413,A with a risk prediction means of predicting risk of being 
based on approach of an obstruction, the electric power-steering equipment which a steering wheel is 
vibrated and gave the operator warning by changing the target control value of a motor drive periodically is 
indicated by it. 
[0013] 

[Problem(s) to be Solved by the Invention] However, in order that the power steering system indicated by 
each above-mentioned official report may judge whether it is a risk condition to the existence and the 
approach condition of an obstruction and may control the steering auxiliary force based on the decision 
result, it has for an operator the problem that the degree of risk is unclear. Moreover, for a certain reason, it 
also has the problem of giving an operator insecurity that the steering auxiliary force is suddenly controlled 
during steering depending on the case. 

[0014] It aims at offering the power steering system of the car which were made in order that this invention 
might solve such a technical problem, and an operator is made to recognize a situation to the perimeter of a 
jjJJ performing steering control according to a risk degree, with supported safe operation. 

[Means for Solving the Problem] The power steering system of the car applied to this invention in order to 
solve said technical problem An obstruction detection means to detect the obstruction which exists in the 
perimeter of a self- vehicle, and an obstruction recognition means to detect the location, distance and 
relative velocity of the obstruction to a self- vehicle based on the signal from an obstruction detection means 
It has a danger judging means to determine a risk degree based on the signal from an obstruction recognition 
means, and a steering control means to control steering actuation based on the signal from a danger judging 
means, and is constituted. 6 
[0016] In addition, it has a steering condition detection means to detect a steering condition, and you may 
make it a steering control means control steering actuation based on the signal from a danger judging means 
and a steering condition detection means. " 
[0017] Furthermore, while having a steering condition detection means to detect a steering condition, it has 
a movement state estimation means to presume the movement condition of a car based on the signal from a 
steering condition detection means, and steering actuation may be made for a steering control means to 
control based on the signal from a danger judging means, a steering condition detection means, and a 
movement state estimation means. 

[0018] An obstruction detection means detects the obstruction around a self-vehicle. An obstruction 
recognition means asks for the location, distance, and relative velocity of an obstruction. A danger judging 
means asks for a risk degree based on the location, distance, and relative velocity of an obstruction. A 
steering control means adjusts the degree which controls steering actuation according to a risk degree. 
Thereby, it can carry out adjustable [ of the degree which controls steering according to a risk degree 1 
continuously. ~ 
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[0019] In addition, while having a steering condition detection means, a steering control means is 
considering as the configuration which controls steering actuation based on a risk degree and a steering 
condition, carries out adjustable [ of the degree which controls steering according to the violence of 
steering ], and can do it. 

[0020] Furthermore, it has a movement state estimation means to presume the movement condition of a car, 
and a steering control means is considering as the configuration which controls steering actuation based on a 
risk degree, a steering condition, and the movement condition of a car, and can carry out adjustable [ of the 
degree which controls steering according to a risk degree of having included the behavior of a self- vehicle ]. 

[0021] Thus, since the power steering system of the car concerning this invention can adjust the control 
degree of steering according to a risk degree, it makes an operator able to recognize a surrounding situation 
and can support safe operation. 
[0022] 

[Embodiment of the Invention] The gestalt of implementation of this invention is explained based on an 
accompanying drawing below. Drawing 3 is the whole power steering system block diagram of the car 
concerning this invention. The obstruction detection means 17A-17F are arranged in the suitable location of 
the periphery section of a car 13. Obstruction detection means 17A which makes the method of the forward 
right of a car a detective region in drawing 3 , Obstruction detection means 17B which makes the method of 
the forward left of a car a detective region, and obstruction detection means 17C which makes a detective 
region the method of right-hand side of a car, With the six obstructions detection means 17A-17F of 
obstruction detection means 17D which makes a detective region the method of left-hand side of a car, 
obstruction detection means 17E which makes the method of the right rear of a car a detective region, and 
obstruction detection means 17F which make the method of the left rear of a car a detective region Although 
the configuration which detects the obstruction which exists in the perimeter of a car 13 was shown, the 
arrangement location of an obstruction detection means and the number are arbitrary. 
[0023] The obstruction detection means 17A-17F are constituted using a radar. The obstruction detection 
means 17A-17F may be constituted using sonar, etc. a television camera, etc. which use a supersonic wave. 
Each obstruction detection means 17A-17F detect the obstruction which exists in each detective region. 
Obstruction detecting-signal [ of each obstruction detection means 17A-17F ] S (i) and (Sa-Sf) are supplied 
to a control unit 30. 

[0024] The steering torque signal Tp and steering angle signal thetas which are each detection output of the 
steering torque detection means 18 established in the steering gearbox 14 and the steering angle detection 
means 19 are supplied to a control unit 30. A steering condition detection means to detect a steering 
condition consists of a steering torque detection means 18 and a steering angle detection means 19. A 
steering rotational-speed detection means to output the detecting signal according to angular velocity instead 
of the steering angle detection means 1 9 may be used. 

[0025] The steering torque detection means 18 and the steering angle detection means 19 may be formed in 
connection section 2a of a steering wheel 2 and a steering shaft etc. You may make it supply the vehicle 
speed signal from a speed sensor 15, and the yaw rate signal from the yaw rate sensor 16 to a control unit 30 
if needed. Sign 9F are [ a rear wheel and the sign 10 of front-wheel and sign 9R ] motors. 
[0026] Drawing 4 is the block block diagram of the control device of the power steering system of the car 
concerning this invention. A control unit 30 consists of the target auxiliary torque decision section 21, the 
motor mechanical component 22, the obstruction recognition means 23, the danger judging means 40, the 
gain means 27, a load limitation means 28, and a subtractor 29. The steering control means indicated to the 
claim consists of a gain means 27, a load limitation means 28, and a subtractor 29. The obstruction 
recognition means 23 is equipped with the azimuth detection means 24, the relative ****** means 25, and 
the distance detection means 26. 

[0027] Each obstruction detecting-signal [ of each obstruction detection means 17A-17F ] S (i) is supplied to 
the obstruction recognition means 23. The obstruction recognition means 23 computes the relative 
movement condition of each obstruction and a self- vehicle based on each obstruction detecting-signal S (i). 
Specifically, each obstruction detecting-signal S (i) is supplied to each of the azimuth detection means 24, 
the relative ****** means 25, and the distance detection means 26. The azimuth detection means 24 
searches for the azimuth which shows bearing where an obstruction exists based on each obstruction 
detecting-signal S (i), and outputs azimuth signal alpha (i) concerning the azimuth searched for. The relative 
****** means 25 outputs the relative speed signal Vrel (i) which starts the relative velocity which asked for 
and asked for the relative velocity of an obstruction and a self- vehicle based on each obstruction detecting- 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran__web_cgi__ejje 3/2/2006 



JP, 10-2 11 886, A [DETAILED DESCRIPTION] 



Page 4 of 7 



signal S (i). The distance detection means 26 outputs distance signal d (i) concerning the distance which 
found and found the distance of an obstruction and a self- vehicle based on each obstruction detecting-signal 
S (i). In this way, the relative motion status information (azimuth signal alpha (i), a relative speed signal 
Vrel (i), distance signal d (i)) of the self-vehicle and each obstruction which were obtained is supplied to the 
danger judging means 40. 

[0028] The danger judging means 40 is based on relative motion status information (azimuth signal alpha 
(i), a relative speed signal Vrel (i), distance signal d (i)), and outputs the potential risk degree R at the time 
(risk potential). 

[0029] Drawing 5 is the block block diagram of a danger judging means. The danger judging means 40 
consists of the risk degree function means 41, a divider 42, the weighting function means 43, a multiplier 44, 
and an adder 45. Azimuth signal alpha (i) is supplied to the weighting function means 43. A relative speed 
signal Vrel (i) is supplied to the risk degree function means 41 . Distance signal d (i) is supplied to a divider 
42. 

[0030] The risk degree function means 41 outputs risk degree value of having matched beforehand 
according to relative velocity of self- vehicle and obstruction 41a. Relative velocity is a forward sign when 
the self-vehicle and the obstruction approach, and when the self-vehicle and the obstruction separate, it is 
expressed with the negative sign. If the value becomes large with a sign forward in relative velocity, the risk 
degree function means 41 is constituted so that bigger risk degree value 41a may be outputted. Risk degree 
value 41a is supplied to a divider 42. The division of the divider 42 is done by distance [ to the obstruction 
with which a self- vehicle and risk degree value 41a were asked for risk degree value 41a ] d (i), and it 
outputs risk degree value of having normalized 42a. Risk degree value of having normalized 42a is supplied 
to a multiplier 44. 

[0031] The weighting function means 43 stores the weighting multiplier W correspondence ****** set as 
the azimuth. The weighting function means 43 calculates the weighting multiplier W based on the operation 
expression registered beforehand, and you may make it output it. The weighting function means 43 outputs 
the weighting multiplier W according to azimuth alpha (i) in which the obstruction with which risk degree 
value 41a and risk degree value of having normalized 42a were called for exists based on azimuth signal 
alpha (i). The weighting multiplier W is supplied to a multiplier 44. 

[0032] A multiplier 44 multiplies by the weighting multiplier W according to bearing in which the 
obstruction exists to risk degree value of one certain obstruction having been normalized 42a, and has the 
multiplication result normalized, and is outputted as ******** dangerous degree value 44with weight a. It 
normalizes and ******** dangerous degree value 44with weight a is supplied to an adder 45. An adder 45 
is normalized, and adds ******** dangerous degree value 44with weight a to all the obstructions i 
recognized by the obstruction recognition means 23, asks for total of risk degree value of receiving each 
obstruction 44a, and outputs the total which asked as risk potential R. 

[0033] If the above is summarized, the risk potential R will be defined like several 1 to the relative motion 

status information (azimuth signal alpha (i), a relative speed signal Vrel (i), distance signal d (i)) of an 

obstruction. 

[0034] 

[Equation 1] 

R= ZRCi) , R(i) = HVre] ^ + k W(a(i)) 

[0035] It is desirable that it is the odd function in which the function f of ****** Vrel (i) includes the 3rd 
more than term in consideration of depending on relative velocity for the impact when colliding with an 
obstruction greatly here. A constant k is a correction term about distance d (i). 

[0036] In this way, the acquired risk potential R expresses a potential risk degree of receiving the result, 
when an operator performs a steering actuation input in the location in which a self-vehicle is present at' the 
time. For example, when steering actuation is performed in the direction where the obstruction with which 
an operator approaches on the risk potential field exists, i.e., the direction in which risk potential becomes 
high, according to the magnitude of the risk potential, the steering auxiliary force can be reduced or steering 
reaction force can be given. 

[0037] Drawin g^ is the explanatory view showing the procedure from obstruction detection to risk potential 
field calculation. Obstruction detecting-signal S (i) obtained by the obstruction detection means 17A-17F at 
step 1 is changed into the relative motion status information (azimuth signal alpha (i), a relative speed signal 
Vrel (i), distance signal d (i)) of an obstruction by the obstruction recognition means 23 at step 2, and the 
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risk potential field which expresses a potential risk degree of having embraced the relative condition with 
step 3 is computed. In addition, while an arrow head shows the travelling direction of each vehicle, the die 
length expresses the rate in drawing 6 (a). At drawing 6 (b), while an arrow head shows the direction of each 
obstruction (other vehicles) to a self- vehicle and it is shown whether it is separated from whether it is 
approaching with the sense of an arrow head, the die length of an arrow head shows relative velocity. 
Drawing 6 (c) shows risk potential by contour-line display. Drawing 6 (c) shows that the thinner field of 
hatching has higher risk potential. 

[0038] As shown in drawing 4 , the risk potential R acquired by the danger judging means 40 is supplied to 
the gain means 27. Multiplication (or division) etc. carries out the multiplier beforehand set as the risk 
potential R, and the gain means 27 outputs the desired value amendment signal IR. The gain means 27 may 
consist of translation tables of the risk potential R and the desired value amendment signal IR. The desired 
value amendment signal IR is supplied to the load limitation means 28. 

[0039] The load limitation means 28 is for giving a limit to the magnitude of the desired value amendment 
signal IR, as the steering actuation of an operator in urgent evasion actuation etc. is not checked. When it 
continues beyond the time amount that the steering input exceeding the steering torque value set up 
beforehand set up beforehand, you may make it the load limitation means 28 suspend the output of the 
desired value amendment signal IR. 

[0040] The target amendment signal IRL which received the limit of a upper limit (maximum by the side of 
forward and maximum of a negative side) with the load limitation means 28 is supplied to a subtractor 29. 
When the target auxiliary torque signal IT is outputted from the target auxiliary torque decision section 21, a 
subtractor 29 subtracts the target amendment signal IRL from the target auxiliary torque signal IT (it adds, 
when the target amendment signal IRL is negative), and outputs it as a target auxiliary torque signal ITH 
which had the subtraction (addition) result amended. The amended target auxiliary torque signal ITH is 
supplied to the motor mechanical component 22. 

[0041] The motor mechanical component 22 calculates the deflection of the amended target auxiliary torque 
signal ITH and the motor current signal IM supplied from the motor current detection means which is not 
illustrated, it generates and outputs the motor driving signal VM so that deflection may approach zero, and it 
operates a motor 10. 

[0042] In addition, it is desirable to consider as the configuration to which it carries out adjustable [ of the 
risk potential R or the target amendment signal IR ] according to the vehicle speed in consideration of safety 
allowance (safety zone), such as car spacing, differing in the time of low-speed transit and high-speed 
transit. 

[0043] Drawing 7 is the block block diagram of other control devices of the power steering system of the car 
concerning this invention. The control unit 50 shown in drawing 7 comes to add the gain means 51 for 
correction factor generation, and a multiplier 52 to the control unit 30 shown in drawing 4 . The gain means 
51 for correction factor generation, the multiplier 52, the gain means 27, the load limitation means 28, and 
the subtractor 29 constitute the steering control means indicated to the claim from this control unit 30. The 
steering torque detection means 18 constitutes the steering condition detection means indicated to the claim. 
[0044] The steering torque signal Tp outputted from the steering torque detection means 18 is supplied to 
the target auxiliary torque decision section 21 and the gain means 51 for correction factor generation. The 
gain means 51 for correction factor generation outputs the correction factor KR according to steering torque. 
Multiplication (or division) etc. carries out the multiplier beforehand set as the steering torque Tp, and the 
gain means 51 for correction factor generation outputs a correction factor KR. The gain means 51 for 
correction factor generation may consist of translation tables of the steering torque Tp and a correction 
factor KR. A correction factor KR is supplied to a multiplier 52. A multiplier 52 multiplies the risk potential 
R by the correction factor KR, and supplies the multiplication result RH (R-KR) to the gain means 27. 
[0045] forming the gain means 51 for correction factor generation, and a multiplier 52, and amending the 
value of the risk potential R according to the steering torque Tp - the size of a steering input of an operator - 
- in other words, according to a time postponement until it contacts an obstruction, it can carry out 
adjustable [ of the controlled variable of steering reaction force ]. In addition, as an operation control input 
inputted into the gain means 51 for correction factor generation, the differential value (variation per unit 
time amount of steering torque) and steering rotational speed (variation per unit time amount of a steering 
angle) of steering torque may be used. 

[0046] Drawing 8 is the block block diagram of the control device of further others of the power steering 
system of the car concerning this invention. The control unit 60 shown in drawing 8 is equipped with a 
danger judging means 70 to calculate the risk potential R based on the relative motion status information 
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(azimuth signal alpha (i), a relative speed signal Vrel (i), distance signal d (i)) of an obstruction, lateral- 
displacement rate deltayd, and lateral-displacement deltay while adding it to the control unit 50 shown in 
drawing 7 with a lateral displacement and lateral-displacement rate operation / presumption means 61 . The 
steering torque detection means 1 8 and the steering angle detection means 1 9 constitute the steering 
condition detection means indicated to the claim. Moreover, a lateral displacement and lateral-displacement 
rate operation / presumption means 61 constitute a movement state estimation means to presume the 
movement condition of a car based on the signal from the steering condition detection means indicated to 
the claim. 

[0047] Drawing 9 is the block block diagram showing one example of a lateral displacement and lateral- 
displacement rate operation / presumption means. A lateral displacement and lateral-displacement rate 
operation / presumption means 61 consist of the filter means 62, an integrator 63 of the preceding paragraph, 
and a latter integrator 64. The filter means 62 is constituted so that the lateral acceleration to which transfer 
function G (s) is expressed with several 2 may be outputted to steering input thetas of a car. 
[0048] 
[Equation 2] 

a2(Sv) • s 2 +a1 (Sv) • s+a0(Sv) 
G(s) = G(0) 

b2 (Sv) - s 2 + b1 (Sv) • s+ bO (Sv) 

[0049] Steering angle signal thetas outputted from the steering angle detection means 19 is supplied to the 
filter means 62. The vehicle speed signal Sv outputted from a speed sensor 1 5 is supplied to the filter means 
62. The filter means 62 computes the lateral acceleration generated according to steering angle thetas and 
the vehicle speed Sv, and outputs the lateral acceleration signal ydd. The lateral acceleration signal ydd is 
supplied to the integrator 63 of the preceding paragraph. The integrator 63 of the preceding paragraph 
changes lateral acceleration into a lateral-displacement rate by integrating with the lateral acceleration signal 
ydd, and outputs lateral-displacement speed signal deltayd. The latter integrator 64 changes a lateral- 
displacement rate into a lateral displacement by integrating with lateral-displacement speed signal deltayd, 
and outputs lateral-displacement signal deltay. 

[0050] Drawing 10 is the block block diagram of a danger judging means. The danger judging means 70 
adds the relative motion status information amendment means 71 to the danger judging means 40 shown in 
drawing 5 . Based on lateral-displacement rate deltayd and lateral-displacement deltay, the relative motion 
status information amendment means 71 amends the relative motion status information (azimuth signal 
alpha (i), a relative speed signal Vrel (i), distance signal d (i)) of an obstruction, and outputs amendment 
azimuth signal Halpha (i), the amendment relative speed signal HVrel (i), and the amendment distance 
signal Hd (i). This danger judging means 70 is outputted in quest of the risk potential R based on amended 
each signal Halpha (i), HVrel (i), and Hd (i). 

[0051] The control unit 60 shown in drawin g 8 multiplies the risk potential R outputted from the danger 
judging means 70 by the correction factor, obtains the multiplication result RH, and generates a target 
amendment signal IR based on this multiplication result RH, a target auxiliary torque signal IT amends and 
a motor 10 operates based on the amended target auxiliary torque signal ITH by the signal IRL which 
performed load limitation of the target amendment signal IR. 

[0052] By performing such control, it becomes possible to judge a risk degree, predicting the behavior of the 
self- vehicle in accordance with an operator's steering input. Therefore, safe operation can be supported still 
more effectively. 

[0053] In addition, the relative motion status information amendment means 71 shown in drawing 10 is 
received. Besides lateral-displacement rate deltayd generated based on steering angle signal thetas, and 
lateral-displacement deltay The braking actuation signal generated based on detection outputs generated 
based on the throttle opening detected with the throttle opening detection means etc., such as an acceleration 
signal and a brake working pressure detection means, is inputted collectively. You may make it output 
amendment azimuth signal Halpha (i) amended based on them, the amendment relative speed signal HVrel 
(i), and the amendment distance signal Hd (i). 

[0054] Each control units 30, 50, and 60 shown by drawing 3 - drawing 10 all control steering to the 
direction where danger is high. On the other hand, the big risk potential R exists, for example in a travelling 
direction, and when transit is continued as it was and the danger of contact is high, you may make it guide 
evasion steering positively to an operator. 

[0055] Drawing 1 1 is the important section block block diagram of the control device which performs 
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steering induction. The control unit 80 which performs steering induction shown in drawing 1 1 It changes 
into the steering torque correction value TR which includes the steering direction through a gain means 81 
to have suitable gain for the risk potential R searched for by danger judging means 40 and 70 by which 
illustration was omitted. Restrict this steering torque correction value TR through the limit means 82 of 
steering torque correction value if needed, and a subtractor 83 is supplied. Steering torque correction value 
TR is subtracted from the steering torque value Tp detected with the steering torque detection means 1 8 in 
the subtractor 83 (or addition). The output of a subtractor 83 is supplied to the target auxiliary torque 
decision section 21, target auxiliary torque value IT is determined, and it is made to make a motor 10 drive 
through the motor mechanical component 22 which omitted illustration. 

[0056] By making it such a configuration, the steering auxiliary force can be energized in the safer direction, 
with evasion actuation can be guided to an operator. As shown in drawing 12 , furthermore, the magnitude 
of the risk potential in a travelling direction or its rate of increase When it is judged that the threshold set up 
beforehand is exceeded and a collision cannot be avoided only by steering combination with other automatic 
damping devices with which the car was equipped - a self- vehicle - the safest direction (direction shown 
by the thick arrow head) of [ on the risk potential field ] - the other side - the so-called risk management 
which guides a series of evasion actuation by moderation and steering becomes possible [ like ]. 
[0057] In addition, although the example which performs steering control and steering induction using the 
ball-thread device 1 1 grade which changes into the steering auxiliary force the rotation output of the motor 
10 and motor 10 with which electric power-steering equipment 1 is equipped as a gestalt of operation was 
shown, the power steering system of the car concerning this invention is applicable also in the car which is 
not equipped with power-steering equipment. Members, such as rubber with large coefficient of friction, are 
forced on a steering shaft, for example, and you may make it make the steering actuation by the operator 
control in the car which is not equipped with power-steering equipment. 
[0058] 

[Effect of the Invention] Since the power steering system of the car applied to this invention as explained 
above can adjust the control degree of steering according to a risk degree, it makes an operator able to 
recognize a surrounding situation and can support safe operation. 

[0059] Therefore, the minor collision by an operator's inattention etc. can be prevented. Moreover, an 
operator can perceive a risk degree of being based on an obstruction etc. by the size of steering reaction 
force. Furthermore, even when steering unavoidably in the situation that two or more obstructions exist in a 
perimeter, it becomes possible to make into the minimum the danger of following on steering. 
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(*m»¥«4 314. *aB»£ti£BW£ics-3iiTB 

20 *tt(4«SW£S»UTaj*rS«fc5l;:l,Tt>«i:0. S 
»WlrH»fa4 314. ^fiftft^a ( i ) (Cg^'O 
T. feffcg^ffi4 1 afc6>tfl::jESHb;*nfcfeBffi^<S 
4 2 a#2£»6ftfcBS4&#?¥£-r-5;frt&fta ( i ) IC 

SS4 4MS*S£tt-5. 
[0 0 3 2] $1^ 4 4 14. 35>-5 1 0<DP*m%cDIE8Mt 

*tticjfcCfcB*f*tt«»w*«i;-c. tosisit 
iE»fb*n. ^om*tt«te>nfcjgiftK^fia4 4 aii> 

30 IE«lt£ft#:3S*tt(4&*wfcJel£K^<S 
4 4 al4. SnWS 4 S'xMStlS. A0SH4 5I4. IE 

«ft*ft*^i*fti76ftfcfti)«H4 4 a&mmwi 

BI¥»2 3i:4oTBlgtlfctT©llf* i ClfctU 
T*P^U. ffl*©PSS«IC3(=fr-5fe|g|g^(e4 4 a<£>£g 

[0 0 3 3] U± -5 <t. UXi> • 7\tT>->*)\, 

( i ) , *!*t58ff^V r e I ( i ) , EStfi^d 
40 (i) ) ICttUT. Si (Dcfc^lcS^^nS. 
[0 0 3 4] 
[»1 ] 



[0 0 3 6] C e> UT?#t.tXAc'JX^ • 7^7">->-f JUR 
(4* OB*jaT. § **U n 3 Ctg IC 43 1 ^Tlgf^g^g 
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[0 0 3 7 3 H6(iBS1fttta^6U^^ ■ *f>vt 
7*-;UK«ffiSTG>*R*srK*BT*«. x 

T-y^l TRMMMfttU^Rl 7A-17 F|CctoT?#e> 

«¥f*2 3lC«toT»*1*©ffl»il»tt!B1«« 

( i ) , *B*t2fa^V r e I ( i ) , EMflmd 10 
■(D) ^K*3*u *y*:73Tffl»«BK:j&i;fc» 

K^*as$tl*. fcfc. a 6 (a) Tfi**<DJifT^r|pl 

0 6 (b) -cit&mztttz&mmm (**) ^^^^ 

<D#>£^-t£<hfclc. *EP<Z>S$Tffltti§fi*:5*LTl* 
3„ 06 (c) liUX* • tfT^S/^l/fcWMRST 
SUT^S. 16 (c) -Ctt/xy^^^oail^Wai: 
l J*& ■ ^7>ytMilt^(h^SLTl^o 20 

[0038] 04 ic^-Tct e> [C. srsws^r 4 0 IC 

cfc^Tf^bft^U;^ - 7|^>^*JURf4, $*-<>¥R 
2 -7^««*tl*. ^>fS2 7 14, ij^-#f> 
•>*^Rfc:^fcRffil,fc«R<:§MI (SfcliR*) SL 
T* S««MIEfB« I R^ai^-T^o W>?S2 7 
14, - *^>->-WUR<hBSlSfSIEft^ I R£<*> 

[0 0 3 9] ffi**JPS^S2 814, Rft@B»f**lCfc 
W*iie*0»ttl»ff*IH»L,«i:0«fc5lc, BISIiKfflijE 30 

[0 0 4 0] d***J»^R2 8T?±Bt (iE«©»*« 
fc&tflc*«<D**tt) ©MRtSttfeBflMilEW^ I 
R Lf4, ;fO?fi2 a^«|g$n*. Mlts2 9 14. iff 

*»h;u^a»8S2 1 fr&B«ttttM'*flmi tjwh 

*)c*ti*:<!:£lc. BWftthJl'^flm I T*&B«ftIE 
ft* I RLtaW (B«lfiEflr*l R L^JKO»d(4*P 40 

(i^l TH<hUTtB*)-f £ e ttjEStUbBBtttthJU* 
(s^ ITHI1 @S!j«SlgSjgP2 2^«»Sti«. 
[0 0 4 1 ] VHBUBM02 2tt. *jEStlfcB**» 
MU^ff^l TH&BSOttl*R»««ffi»ai*«J&>& 

tf-fc?afC3fi^< «fc?lcBn«KnflH*VM«£/£ ■ &t> 
LT. RRR1 0*«Et5. 

[0 0 4 2] fcfc, ffi*^fT»t*ai6fTWfCI4*H 
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*«LT, 'JW ■ *?>2/^;UR*fcf*B««|jE« 
^1 R(4aaiCJCBCT5IffiS«ti:-5«fiEi-r'S<0^SI*L, 

I*. 

[0 0 4 3] 0 7(4C^)^0^lC^^mr^CD^fit^MOft!l 
©SW«1©^P y *i«HT*6. H7lcSf*JWSR 
■ 5 0 f4. 0 4 Ic* Ufc»J»RR 3 0 lc«IE*fk£J8Jfl 

-y-r>^«5 1 1*»«5 2t*it*puTa*. cow 
vsr3 oxi4, mjE9Uksunm^>^Kts i <tms 

#§5 2<h<7W>^l£2 7 £ftJiV\m^&2 8&XKR2 
9£T\ ttRRXOKBICEKUfcttimM^ReflME 

[0044] igfl£h;u^&aj¥ei 8^e>a*i$tis» 

tth^OTTpli BaHHftHU*%£»2 1 fc. R 
iE«a*«ffly-f >¥«5 1 ilcttRSft*. RIERR 

^«ffl^>r>¥«5 i (4. »tthJu^ic«i;fc«iE«ft 

KR^£li^it--5 0 «IE«R&affly-<>*« 5 1 14, »' 
RhJI^Tplc*»RSUfc«R*R» (SfcliRW 

fux, »jE«RKR«as*-r*. «iE«R&affl^ 

>^K5 1I4. SlK NI^T pi: ffijE&ftk R(t©$« 
^^TRRUTfcJll*. ffijE&&KRI4fii1if§5 2 
^«*S£ti*. XIH5 2 14, ■ 7f^>*>*;i,R 

IC«iE«RKR£fti;-C\ f(DSfeiRH (R,- K 
R) «^>¥S2 7^«R-T 

[0 0 4 5] «IE«R^«ffly-f >^f£ 5 1 ifl^ 5 

[0 0 4 6] B8(4C<&58WfC«S«ffi<D»teKS<DS 
6lcf60»J»««O^P!y^lidEBt?*4. 0 8 ic^f 

Masi6oit B7icsofc»jwRR5 ore, mwL®. 

IC, »*tt<0ffittXnttffi1ff« (^f&ftfl^a ( i ) , 
ffl«a«^V r e I ( D , SiStft^d ( i ) ) <h«^ 
<S2gA y d tftSfiA y (hlCS^OT'J ■ 
•>^;UR*3tl(-r«fe»K*y*¥R7 o&«it/tt)©T 

steh^u^^ai^isi 8ft6^ic»ttft«a^i4 

1 9^, mfR3ftOCBIceKb)bRffi«nRl&¥R« 

*/«ue*R6 i «fWfipW3Ka>KRrceRbfcRtt«ai 

[0 0 4 7] 09 tt«tKffifc<fel/RKffiaR3t*/JiS 
*R0)-JI»«*iRr^ny*flWtBT**. RSffife 
«ttf«l«(ttiSKa»»/jffi¥«6 1 14. 7 ^15 6 



(6) 



10 



Xs ( S ) *a2T«*>sti*«ttia**aj 

a2(Sv) 

G(s) = G(0) 



[0 0 4 8] 

s 2 +a1 (Sv) • s+aO(Sv) 



b2(Sv) 

[0 0 4 9] HUKftttU^Htl 9^&a5a$ti*»*eft 

ttieS*l3. 7-fW?g6 2 15, SMeft0s£SiSS 
ydd*fi*rr*. HtJQilftfi^y d d (5ii<If£<Dfa$HS 

U tfl^ffiggfl^Ay dftffl**-*. »»(OR»ff6 
4(5, «»ffij*K«^Ayd*«#-r*Ct-CaiKffii8 

[0 0 5 0] Hi oiiftR««fi^«©:7py**WEH 
T£>3o feRS«J¥S7 0lt H5IC3fO£:S;»K*iJ 

«*«4 o (z«Miitt«nff«miE¥a 7 1 z&Murc 

ilSA y dfc«fctf«ffiffiA y (Cg^'OT, BSttOffiW 
Zttttffiflm' (*{ftftfB^a ( i ) , ffl*t»fs^V r e 
1(1), EHA^d ( i ) ) **IEU «HE*tftft« 
a ( i ) , *fiEtB*t3fI^H V r e I ( i ) , «iE 

E»MHd (i) *as*-ra. 7 

015, ffiE$n)tS-fi^Ha ( i ) , H V r e I 
( i ) , H d ( i ) ICgO'OT'JX^ • /Hf>vt^R 

[0 0 5 1 ] B8lC^O*:SJffllSIR6 0(5* feRttWS 

K^^T1«»jE«^I R*£«U B««jE«^I R 
I T*«IEU fiIE£tt£§ifffifi*h;U*{f-^ I T H IC 

[0052] c<&«fc?ftSU»*?7ft?Ccfcic«fcoT. & 

[0 0 5 3] 0 1 0lC«l//tffl««»«IB1t*« 

IE^R7 1 lC*tLT(*. i§ffc£ifl^0 slcS^TfeS 
U*:tf£^&jlgA y d, «^fiEAy(OflbfC, XOybJl 

tl6lC«-=fl\T»iEStlfc*|jE*tt>l«*Ha (i) , 
»iE«»a«#H V r e I ( i ) , ffilESESIfe^ H d 

[ 0 0 5 4 ] B 3 - H 1 0 T$ U^^IUPSI 3 0 , 5 



•s z + b1 (Sv) -s+bGCSv) 

0, 6 0(5, Ut'ftfcJttRaoWl^fi^oWtttnM 

[0 0 5 5] Hi 1 r*attRaefrtt3MttKB4>Ktt 

^□y^wjatHT**. mi i ic^-raweRai^ffarp 

7 0 (C«t-3)T*«)€>tl^:y^^ • /ttr>->t^R^I3 

**UTMRUT«W»8 3'sttRU ;J£m#§ 8 3 (Cfc 
20 ^THtt6hJU^*ffi*«1 8T»ttJLt«6h^iT 
P36»6JM6H^»jERTR*«» (£/zI5*jQ3§:) L> 

«Rtt02 2«ftUTS»Rl 0*B»*ti:*«fc5lcO 
[0 0 5 6] dOcfc5&«fSlC-r*C<k-T\ cfcUfi^ft 
ff*R3|-rSCt^-C*«. £6(C, SI 2!CSTJ;5 

*>S±ft*|S] (*l^EPT^-r*|S|) ^(S]r>J:?(C, » 
[0 0 5 7] £:*5, HJ£<OJfcll<bUT, !S)/t9-7T 
40 1 1«€rHfflUT»tt»Mft&CXrc»ttR8l*fia5« 

**i^A#<D»»t»uw(*T. xi£«r;:<j:&afttin 

[0 0 5 8] 

50 «K#lcHHO«3i«RBI1S-L/ 
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[0059] cfc^r. mum<D*}±m;m\zj:z>i£t&mtSL 

[0®<0fS*fciSE] 

-5. 10 

[■3] CflD»WlC«-5*HO»«eSS«0±f*«J5EHT 
[0 4] CO^0^lC^^m^^^flt^M(D©iia^CO^ 

[0 6] BS1Mftdi«>&U*£ ■ tK^>->^;u - 

[0 7] C0Xncff**H4>aURKB0tta>M*KB 20 

[0 8] C0>IB«(cfil«Mo«ffiSBa)S&lcf6O»J 



[0 9] «Rffifecfctx*Rffia*3«/fs«:*a©-A 

[0 1 0] ftHk»WS#aoypy^«j«HT*«. 
[01 1] HKRSICfTA^CniittBOSVya^^*! 
/£0-C&<5 o 

[0 12] mft*fa<DVX# • 7|^>>"WW*J5l*»* 

l ••■ilA7-7f7'J>^i, 1 18 

0, 5 0, 6 0, 8 O-SJfflHSB. 2 1 -BStiKlHU 

2 2-VMUM 2 3- -RfWM¥ 
15. 2 4-*tt**a*«, 2 5---4B»iHftt&¥B. 2 

2 8-»«e»»J¥«*««-r*a**ji«*«. 

»*J¥K*«fiE-r-5»»8. 4 0, 7 0-ftMfle¥ 
IS. 6 1 -Jllbttttflt£¥ft*«liK-r««lftttfeJ:tffll 
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